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ABSTRACT
The discovery of a terrestrial mammalian fauna in the Miocene deposits on Fort Polk,
Louisiana, fills a geographic gap in the Gulf Coast paleontological framework, but the
provenance of the fossils, nature of the depositional environments, and relationships between the
sites is still debated. This is especially true for the TVOR site cluster. TVOR SE has a mixture of
marine and terrestrial vertebrates in association with a partly dissolved, in situ bed of articulated
oyster shells, which stands in contrast to the fully terrestrial and freshwater assemblage at
TVOR, and the indeterminate site TVOR S. Although limited outcrop may bias the observed
fossil assemblages, it is thought that the differing characteristics of the sites are related to
changing depositional environments.
Taphonomic and geologic data were integrated to create a more complete picture of the
paleoenvironmental factors contributing to the formation of the fossil sites. One core each was
collected at TVOR S and TVOR SE, and these were studied along with a core previously
collected at TVOR site. Magnetic susceptibility (MS) work on the cores suggested correlation
between the TVOR S and TVOR SE sites, and possible correlation between TVOR S and
TVOR. MS data indicated marine influence at all three sites, including TVOR, which previously
had been considered fully terrestrial. Heavy mineral analysis was unfruitful regarding the
provenance of the sites. Identified, curated fossils from the sites were assigned to bone dispersal
groups to assess the degree of sorting in the fossil assemblages, and it was discovered that the
vast majority of both macro- and micro-vertebrate fossils fall into Groups I and II, indicating that
the fossil assemblages are the result of transport into the sites rather than attrition of local biota.
The geological, geophysical, and paleontological records of the sites give a picture of a quiet,
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distal, setting just beginning to reflect environmental changes spurred by local and global
geologic processes.
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INTRODUCTION
Since the 1993 discovery of a terrestrial mammalian fauna in the Miocene deposits of
Louisiana (Schiebout 1994), it has been clear that the fossil sites at Fort Polk, LA, are important
both as sources of paleontological data (Schiebout 1997, Schiebout and Ting 2000, Schiebout et
al. 2001, 2004) where there had previously been a geographic gap in the Gulf Coast record
(Tedford et al. 2004), and as windows on the evolution of Gulf Coast fluvial systems and
sedimentary environments (Hinds 1999). Biological and geological histories of the Earth are
frequently studied as separate entities; however, the two fields are interrelated and the
simultaneous consideration of paleontological and sedimentological data allows for a better
understanding of an area’s geologic and biotic history and evolution.
The role of depositional and preservational processes in creating the observed fossil
record has been recognized for quite some time; the science dealing with these processes was
first named ―taphonomy‖ by Efremov (1940). It was Behrensmeyer and Kidwell’s 1985 paper
on the subject that pushed taphonomic studies into the forefront of paleontological thought
(Martin 1999). It is now well accepted that an understanding of fossil assemblages is incomplete
without consideration of the myriad biological, chemical, physical, and geological forces that
have acted on them from the time of the organisms’ deaths to the time of collection, curation,
and beyond. Fossils are the product of more than just the life of the organism, and their story is
that of the life that generated them as well as the environments that contain them.
While some work has been done on the depositional and taphonomic histories of the Fort
Polk sites (Hinds 1999, Schiebout 1997, Schiebout and Ting 2000, Schiebout et al. 2001, 2004),
much remains to be explored at these relatively newly discovered sites, especially the most
recently discovered, TVOR South (TVOR S) and TVOR Southeast (TVOR SE), which are two
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of the geologically oldest sites on Fort Polk. The TVOR suite of sites is named for the acronym
of the nearby terminal very-high frequency omni range radar tower (Schiebout et al. 2001).
In general, TVOR SE is the most unusual of the Fort Polk sites: invertebrate and
vertebrate fossils – including mammals - recovered from this site are definitively of both marine
and terrestrial origin (Schiebout et al. 1998, 2001, 2004) as opposed to the scant and
environmentally indeterminate assemblage at TVOR S, and fully terrestrial assemblage at
TVOR. Two foraminifera have been found at TVOR SE; one believed to be a reworked
Cretaceous specimen and the other an outer neritic Miocene form (Schiebout et al. 2001). TVOR
SE also has an unusual rock layer, initially thought to have been a soil-formed carbonate nodule
conglomerate like others in the area. After slabbing revealed oyster shells in life position, the
unit was recognized to be the partially dissolved remains of an in-situ oyster-shell bed (Hinds
1999, Schiebout et al. 2001). It is similar to a rock found at the TVOR S site, although the TVOR
S rock has not yet yielded oyster shells.
The questions addressed in this study fall into two related groups. First, what taphonomic
processes are at work at the TVOR suite of sites – that is, how and why were these fossil
assemblages formed? A primary part of this question considers which fossils at each site were
transported in, and if so, how far. With respect to TVOR SE, answering this question may
determine which group of fossils, those of marine or terrestrial origin, could have been
transported further, thus narrowing the range of paleoenvironmental conditions.
Another taphonomic consideration is the role the oyster shell layer played in creating a
vertebrate macrofossil accumulation in an otherwise fine-grained sequence at TVOR SE, and
whether this rock is the same as that found at TVOR S. The layer likely represents in situ
accumulation as most the oyster shells are articulated and unbroken, and its poor (nearly
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unrecognizable) condition is probably the result of partial dissolution of other shells. Explaining
the association of large terrestrial-vertebrate fossils with this bed (Schiebout et al. 2001), such as
whether they were carried in by a storm or other catastrophic event, has implications for the
histories of the fossil vertebrates found in the area.
Key to understanding the taphonomy of a site is the correct interpretation of the
depositional setting of and geologic processes affecting the fossil assemblages; the second set of
questions concerning the geology of the sites also addresses the larger questions of how and why
these fossil sites were formed. In this case, it will be beneficial to expand on previous
sedimentological studies (Hinds 1999, Jones et al. 1995) to more accurately describe the local
paleoenvironments as well as to tie the sites to a probable fluvial system as described in
Galloway (2005) and Galloway et al. (2000). This is important not only in reconstructing largescale paleogeography and refining our understanding of fluvial system activity in the Gulf Coast,
but also in constraining the origins of any transported fossils. For example, Louisiana’s only
dinosaur fossil, found at the Miocene TVOR SE site, is certainly not of local origin and was
reworked from elsewhere in the drainage basin (Schiebout et al. 2004).
Finally, can any of this further taphonomic and sedimentological evidence be used to
constrain the dates represented by the fauna at the TVOR sites? At this time, the minimum age of
the TVOR sites suggested by vertebrate biostratigraphy and paleomagnetic data, 13 Ma, conflicts
with the maximum 11 Ma age suggested by palynological analyses (Hinds 1999, Schiebout et al.
2001, 2004). Further, recently re-visited paleomagnetic work is in conflict with previously
published paleomagnetic data (Schiebout and Ting 2000, Schiebout et al. 2001, 2004, Gose et al.
2008). While this revised data does not alter the interpreted age range of the TVOR sites, it does
suggest an age relationship between DISC site and the TVOR sites that is not supported by their
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stratigraphic relationship. An understanding of the origin, depositional setting, and age of the
vertebrate faunas at Fort Polk gained by addressing these issues will be valuable not only in
deciphering the sites at hand but in understanding the biogeography and geological evolution of
Louisiana and the Miocene Gulf Coast.
Study Area
Fort Polk is situated near the center of Vernon Parish, Louisiana, which is centrally
located along the Louisiana – Texas border (Figure 1). The Miocene-age Fleming Formation
forms an outcrop belt from central-east Texas into central Louisiana and is the dominant surface
unit around Fort Polk, although there are areas covered by Plio-Pleistocene alluvium (Hinds
1999). Currently, five main fossil sites or suites of sites occur on or near the military post, all
north of the main installation and located within 4 km of each other (Figure 2). The initial fossil
finds were from the Discovery site (DISC) cluster, the most southerly of the site clusters, and the
main TVOR site to the north, followed by finds at TVOR S and TVOR SE, and then isolated
material from a single rhinoceros at a site along strike to the east of the TVOR suite called
Shamrock site (Schiebout 1994, 1997). This study focuses on taphonomic and sedimentological
interpretations of the TVOR S and TVOR SE sites, with data drawn from the main TVOR site
for comparison.
Geologic Background
In one of the first major descriptions of the Fleming Formation, Fisk (1940) described the
alternation of fluvial and brackish-water environments represented in its six members (Figure 3),
now recognized as a series of transgressive and regressive events (Hinds 1999), and identified
the general depositional environment as a progradational deltaic plain in a subsiding area. His
descriptions of the members as they appear in outcrop in Rapides and Avoyelles Parishes of
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Louisiana were expanded and refined by Hinds’ (1999) report on the geology of the Fort Polk

Figure 1: East Texas and Louisiana, showing Fleming Formation outcrops and the location
of Fort Polk. After Schiebout et al. (2004).
and Slagle areas of Vernon Parish, which are directly west of Fisk’s 1940 study areas and
include the vertebrate fossil sites.
The Fleming Formation consists mostly of clays, silts, and fine to medium-grained sands,
with units identified as fluvial in origin being silt- and sand-dominated, and those identified as
brackish being clay-dominated (Fisk 1940, Hinds 1999). Sediments dip gently (4-6º) to the
south, so that exposed beds decrease in age to that direction (Jones et al. 1995, Hinds 1999). The
lowest member, the Lena Member, does not outcrop in the Hinds 1999 study area (although he
identified it to the north of the area) but was described in the Fisk 1940 study area as a mix of
5

Figure 2: Geologic map of the Fort Polk area with main fossil sites marked. After Schiebout et
al. (2004). A: DISC site cluster; B: TVOR; C: TVOR S; D: TVOR SE; E: Shamrock.
silty, root-cast-containing clays and calcareous, foram-containing clays. He inferred the
depositional setting to be a quiet, brackish swamp.
The overlying Carnahan Bayou Member was described by Fisk (1940) as a silt-rich but
generally fining-upward sequence with discontinuous lenses of sandstone that decrease in
abundance upsection; Hinds (1999), in contrast, notes an increased amount of sandstone at the
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Figure 3: Stratigraphic column of Miocene and younger sediments in the Fort Polk area.
Arrow indicates stratigraphic position of Fort Polk fossil-bearing beds. After Hinds (1999).
top of the unit where it contacts with the clayey Dough Hills Member. The Carnahan Bayou
Member is coarser-grained than adjacent units, and Hinds (1999) described bioturbation,
laminations, and asymmetric and symmetrical ripples in the sand and silt units. Additionally,
about 35km (22mi) WNW of Fort Polk, at the southern edge of the Toledo Bend Reservoir in
Newton County, Texas, Albright (1991, 1998) described an Arikareean-aged terrestrial
vertebrate and plant fauna from a paleochannel deposit attributed to the Carnahan Bayou
7

Member. The sedimentologic and paleontologic evidence points to the unit’s fluvial origins, and
the contact with the overlying clay-rich Dough Hills Member is obvious in the Hinds 1999 study
area. The Dough Hills Member is very similar in lithology to the Lena Member, and is also
considered to be brackish in origin (Fisk 1940, Hinds 1999).
The Williamson Creek Member, the second fluvial-origin unit, is generally finer-grained
than the Carnahan Bayou Member, consisting of clay, silt, and some very fine sands (Fisk 1940,
Hinds 1999). It contains, however, diagnostic quartz granules, which are defined by Hinds
(1999) as ―clasts of subangular to subrounded quartz whose grain size is constant within the
range of granule to very coarse sand.‖ These granules occur throughout the different lithologies
of the Member, from cross-beds in granule-dominated layers to clay and silt layers that include
granules but no sedimentary structures (Hinds 1999). Their source and significance is unknown.
The interbedded and interfingering massive silty clays and calcareous clays of the Castor
Creek Member overlie the Williamson Creek Member (Fisk 1940), and its upper half is the
source of the vertebrate fauna collected at Fort Polk (Schiebout 1994, Hinds 1999). The bulk of
the fossils occur in, or in association with, lenses of calcareous nodule conglomerate or nodulebearing sandstone (Schiebout 1997, Schiebout and Ting 2000, Schiebout et al. 2001, 2004) that,
along with lenses of sandstone, appear sporadically throughout this member in the Fort Polk area
(Hinds 1999) but were not noted in Fisk’s (1940) work. This member was partially defined by a
distinctive invertebrate fauna, Potamides matsoni, the presence of which, along with the finegrained lithology, led Fisk to conclude that it was a brackish-water unit representing a nearshore
environment that could support the community of mollusks and brachiopods that distinguish the
Potamides matsoni fauna (Fisk 1940). This faunal group is not found at Fort Polk, and the
predominantly terrestrial vertebrate assemblage found instead could also argue, along with the
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carbonate nodule conglomerate and sand beds in an otherwise fine-grained section, for a more
terrestrial depositional environment for the upper Castor Creek Member in this area. Schiebout et
al. (2001) posit that terrestrial fossils may have been carried into a shallow marine environment
by a storm event at the marine TVOR SE site. These varying interpretations suggest that the
proximity to the shoreline changed significantly during the interval of deposition recorded within
the Castor Creek Member at the Fort Polk Miocene sites. The faunal assemblages, and how they
vary between TVOR, TVOR S, and TVOR SE, however, indicate that the sites were all
physically near enough to a marine setting to be influenced by its changes (Schiebout et al. 2001,
Schiebout et al. 2004) as the fossil data corroborates sea-level data in the interpretation that the
upper Castor Creek represents the transition to a regressive, fluvial-dominated regime (Jones et
al. 1995, Schiebout et al. 2001, 2004).
The Fleming Formation is capped by the Blounts Creek Member, which contains noncalcareous clays similar to those of the Castor Creek Member but is generally coarser-grained
and contains beds of sand- and siltstone exhibiting cross-bedding and root casts (Fisk 1940,
Hinds 1999). This member is interpreted to represent the return of a fluvially-dominated
depositional setting (Fisk 1940, Hinds 1999).
Paleontological Background
Prior to the 1993 discoveries on the Fort Polk Post, the vertebrate fossil record in
Louisiana consisted of isolated finds scattered around the state: the tips of gomphothere tusks
that may have come from the Fort Polk Miocene (Schiebout 1997); an Eocene whale
(Basilosaurus) and a variety of other marine vertebrates from Montgomery Landing in northcentral Louisiana (Schiebout and van den Bold 1986); and a variety of vertebrates from
Pleistocene deposits around the state. A collection of Plio-Pleistocene vertebrates from the
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creeks and gullies of the Tunica Hills region, along the Louisiana-Mississippi border, is being
studied at LSU, as is a late Miocene (Hemphillian) assemblage from the same region (Schiebout
et al. 2006).
The fossil that brought attention to the Fort Polk sites was a carbonate-nodule-encrusted
piece of mandible from a merychippine horse, recovered by Fort Polk personnel when the
surface at what would come to be called the DISC site was bulldozed, exposing the Castor Creek
Member of the Fleming Formation (Schiebout 1994). Dr. Judith Schiebout, vertebrate
paleontologist at Louisiana State University (LSU), was contacted about the find by David Pope
of the Louisiana Geological Survey and invited to the post to view the fossil and the site of
discovery. There she and other investigators noticed two lithified, carbonate-nodule-containing
layers in an otherwise fine-grained interval (Schiebout 1994, 1997). The layers also contained
fragments of bones and tooth enamel (Schiebout 1994, 1997), suggesting that it could be a
vertebrate microsite. Rock samples were collected at the DISC site, and further survey of
exposed and accessible surface on the Fort Polk Post turned up outcrops of similar material,
samples of which were also collected to examine for fossil content (Schiebout 1994, 1997).
Conglomerate and sandstone samples are processed by soaking them in a 10% acetic acid
solution to dissolve the calcium carbonate cement. The acid does not harm the apatite-composed
bones and teeth. Disaggregated material is screened to remove large chunks, and the portion of
finer-grained material is re-soaked to further clean it before it is rinsed and picked through, under
a binocular microscope, for fossil and bone material. This process, detailed in Schiebout (1997)
and Schiebout et al. (1998), has yielded over 6,000 cataloged specimens, mostly teeth, with
occasional vertebrae, gar scales, and other resilient skeletal elements from small vertebrates

10

including fishes, amphibians, reptiles, rodents, lagomorphs, bats, carnivores, and insectivores
(Schiebout 1997, Schiebout and Ting 2000, Schiebout et al. 2001, 2004).
Large fossils, often collected as surface float, are cleaned using standard techniques
including dental implements and electric engraving tools. The Miocene sites at Fort Polk have
yielded many fascinating macrofossils, including a pair of nearly-complete tortoise carapaces
and a Prosynthetoceras mandible from DISC; a whale petrosal, camelid radioulna, and apparent
carnivore coprolites at TVOR SE (Schiebout et al. 2001); and, notably, a dinosaur tooth at
TVOR SE (Schiebout et al. 2004). Such large fossils capture the attention of researchers and
museum visitors alike because they are so easy to see and frequently conjure up the image of
strange animals of times past, but they tell only a fraction of the story of past life. Large fossils
of this type are relatively rare at the Fort Polk sites, making up only a small percentage of the
more than 6000 vertebrate fossils curated to date. The thousands of microfossils recovered
through bulk sediment sample processing are major contributors to the paleoecological
(Schiebout et al. 2001, 2004) and biogeographic data that make these sites important to the
understanding of Gulf Coast paleontology (Tedford et al. 2004).
Despite the efforts put into microfossil recovery, only three non-botanical, non-vertebrate
microfossils have been found at the Fort Polk sites, the previously-mentioned forams discovered
at TVOR SE plus one additional foram from TVOR S (Schiebout 1997). Recovery of
invertebrate fossils has been similarly unfruitful; the only finds so far have been unidentifiable
snail steinkerns, abundant at TVOR SE and DISC, and the in situ oyster valves (cf. Crassostrea)
seen in the slabbed rock from TVOR SE (Schiebout 1997, Schiebout et al. 2001, 2004).
Significant effort has also been put into the study of paleobotanical material from the Fort
Polk fossil sites (Schiebout 1997, Schiebout and Ting 2000, Schiebout et al. 2001, 2004). The
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most successful pursuit to date has been the palynomorph work done by Dr. John Wrenn of LSU,
who built a robust pollen and palynomorph sample set after collecting and processing sediment
samples from outcrop at the various sites, and from cores collected at the DISC and TVOR sites
in 1994 (Wrenn in Schiebout 1997, Schiebout and Ting 2000). Initial phytolith analysis was
performed by Caroline Stromberg, then at the University of California at Berkeley (Schiebout
and Ting 2000); and fossilized wood from around Fort Polk was studied both in hand sample and
in thin section by Michael Wiemann (Schiebout 1997).
These various lines of paleontological evidence, as well as site-specific geological
investigations, provide a framework for addressing questions concerning the ages and
paleoenvironments of the Fort Polk sites and have begun to build a coherent picture of individual
sites’ histories and relationships to each other. The vertebrate fossil and palynomorph
assemblages at DISC consist entirely of terrestrial or freshwater forms, and the palynomorph
assemblage includes fungal spores from organisms that would break down organic matter in
damp to wet conditions (Schiebout 1997, Schiebout and Ting 2000). Pollen from hardwood and
evergreen trees and herbaceous material indicates an mixed forest area with open land (Wrenn in
Schiebout 1997, Schiebout and Ting 2000), as does the phytolith study, which also suggests a
subtropical to tropical climate (Stromberg in Schiebout and Ting 2000). The paleobotanical
interpretation is in agreement with paleoecological work done on the rodent populations that
suggests a dominantly open environment with some forested areas (Schiebout et al. 2001, 2004).
A striking feature of DISC site is the presence of a conglomeratic sand layer, a lag
deposit consisting of quartz pebbles, carbonate nodules, and teeth, bone scraps, and other fossils
which winds a short distance across the surface of the site (Schiebout 1997) (Figure 4). The
terrestrial depositional environment implied by this feature is confirmed by evidence from cores

12

Figure 4: Conglomeratic sand layer at DISC.
reported in Jones el al. (1995), which describes multiple paleosol horizons, root casts,
slickensides, carbonate nodules, and abundant mottling, all signs of deposition in a well-drained
interfluvial area with defined wet and dry cycles. X-ray diffraction analysis of core samples
identified the most common clay component as kaolinite, which is a common soil component in
subtropical, humid climates (Schiebout et al. 2001).
A similar integration of datasets has also led to a robust interpretation of TVOR site. Its
fossil assemblage is similar to DISC in its composition of terrestrial and freshwater forms for
animals and plant material, although palynologic data points to a more open grassland
environment and a pine-dominated forest with fewer hardwoods relative to DISC site (Schiebout
1997, Schiebout and Ting 2000). Palynomorphs include fungal spores as at DISC, and algal cysts
13

(Pseudoschizea circula) that require damp soil or shallow fresh water, standing or ephemeral, to
live (Wrenn in Schiebout 1997, Schiebout and Ting 2000). Conglomerate and sand layers are
more discontinuous through the TVOR site (Jones et al. 1995, Schiebout 1997), and Jones et al.
(1995) found the core to be finer-grained with fewer root casts, which leads to an interpretation
of a quieter, backswamp environment with periods of standing water rather than an active
interfluve as at DISC.
Unlike DISC and TVOR, until this time TVOR S and TVOR SE have had only
paleontological and surface geological data available for use in their interpretation (Schiebout
1997, Schiebout and Ting 2000, Schiebout et al. 2001, 2004). TVOR S, with its limited fossil
assemblage of small mammal teeth, gar scales, ray teeth, and one horse tooth, lacks the large
assemblage of environmentally diagnostic fossils found at the other sites (Schiebout 1997,
Schiebout and Ting 2000, Schiebout et al. 2001, 2004). The palynomorph work suggests an open
environment with wet soil or standing water; the presence of a single foram hints at a transient
marine connection (Wrenn in Schiebout 1997, Schiebout and Ting 2000). The discontinuous
rock layer at TVOR S superficially resembles the oyster-containing layer at TVOR SE, but no
such shells have been observed in TVOR S rock.
Along with the oysters and Miocene foram, marine influence at TVOR SE is evidenced
by the presence of a whale petrosal and multiple spines from very large grouper fish. While
abundant small fish material recovered from screening underscores the aquatic influence at the
site, terrestrial fossils are also abundant, producing a mixed-environment assemblage that
probably includes fossils from multiple sources (Schiebout and Ting 2000, Schiebout et al. 2001,
2004). Palynomorphs are dominated by pine specimens, and herbaceous forms and fresh-water
algal cysts are rare, as are fungal spores, pointing to a heavily-forested environment with little
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open ground or standing water. In contrast, vertebrate fossils found at the site, such as teeth from
the most numerously represented rodent Texomys, which might be a burrowing form like its
modern relatives (Schiebout et al. 2001), as well as the teeth of grazing merychippine horses,
would suggest the presence of open grassland. Alternatively, the mandible fragment from a
Prosynthetoceras, a mooselike animal considered to live in swampy or brushy areas rather than
open plains (Janis 1982, Prothero 1998), seems to better support the palynological evidence. A
lack of detailed geologic data, which core analysis can provide, leaves a gap in the understanding
and interpretation of the TVOR sites, which this study attempts to fill.

15

MATERIALS AND METHODS
Sediment Core Collection
Two 3.8 cm (1.5")-diameter cores were recovered from the study area in September 2006,
an 8.71 m (28.6’) core from TVOR S site, and a 7.37 m (24.2’) core from near TVOR SE site.
Cores were collected in 1.52 m (5’) sections using a Geoprobe Systems 6610DT direct-push
coring unit (Figure 5). Core diameter and depths reached were limited by the nature of the
sediments in the area; previous experience with the Geoprobe indicated that a smaller core barrel
would pass more easily through the stiff clays. The lower sections from each core are slightly-tomoderately damaged as the clays swelled in the plastic core liners during recovery, causing them
to stick in the steel core barrel, requiring hammering or pushing directly on the collected
sediments to loosen the liner and retrieve the core. The last section (1.52 m) of the TVOR SE
core was lost when it became stuck in the core barrel and was destroyed during extraction.
Core locations were limited by their accessibility to the Geoprobe unit, which moves on
treads. The TVOR S core was collected within 2 m of the main fossil site, but the terrain leading
to the TVOR SE site included deep ruts and tall, heavy brush, rendering it impassable to the
coring rig. The core was collected ~50 m (164’) WSW of the main fossil site, but at the same
ground elevation to ensure that the units correlative to the fossil-bearing units near the surface
were penetrated.
Core Processing
The cores were transported to LSU at Baton Rouge, where the whole cores were passed
through the Coastal Studies Institute's Geotek Multi-Sensor Core Logger (MSCL) to gather pwave travel time and amplitude, attenuated gamma ray count, and
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Figure 5: Geoprobe on site at TVOR SE. View is to the SSE.

magnetic susceptibility (MS) data for archival purposes. After logging, the cores were split and
again passed through the MSCL for high-resolution photography. The cores were then visually
inspected and described for color (Goddard et al. 1948), grain size, and sedimentary structures.
Due to their small diameter, the cores were cut in an approximate 1/3 to 2/3 split. This
was done to minimize damage to and sediment loss from the core while still creating a
sufficiently detailed surface for photography and study. The sediment from the 1/3 section could
not be maintained in-situ in the cut core liner, so this sediment was consolidated and collected in
plastic bags to use for mineralogical analysis.
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Mineralogical Analysis
Grain mount slides were created from core samples to examine for the presence of heavy
minerals that might determine sediment provenance. To disperse the clay fraction (grain size less
than 10 microns) and concentrate coarser grains, sediment samples were placed in a 500 mL
beaker and mixed with a solution of 1 gram Calgon brand water softener to 1 liter distilled water,
then allowed to settle for approximately 9 minutes, after which the clays were decanted with the
top 5 cm of the solution (settling time and distance as directed by Wanda LeBlanc of the X-ray
Diffraction and Geochemistry Labs at LSU, pers. comm., April, 2007). The coarse fraction was
collected and allowed to dry, then sieved to create samples representing size ranges of less than
44 microns (4.5 ϕ), 44 – 74 microns (4.5 ϕ – 3.75 ϕ), 74 – 177 microns (3.75 ϕ – 2.5 ϕ), and
greater than 177 microns (2.5 ϕ) (size fractionation as directed by Ray Ferrell, LSU, pers.
comm., April, 2007). The resulting grain assemblages were inspected with a hand lens before
being given to Rick Young at the LSU Rock Preparations Laboratory, who created grain mounts
for each sample size by placing mineral grains in thin section epoxy on a slide, and grinding the
surface down to a consistent 30 micron thickness after the epoxy cured. The finished slides were
inspected using a standard petrographic microscope.
Magnetic Susceptibility (MS)
Magnetic susceptibility (MS) refers to the strength of induced magnetism a material
exhibits when exposed to a magnetic field (Ellwood 2008, Ellwood et al. 2000). MS
measurements vary according to the concentrations of minerals with different magnetic
behaviors, and values are dominated by ferrimagnetic (e.g. iron oxides) and paramagnetic (e.g.
clays, biotite, and pyrite) minerals. The negative MS values of diamagnetic minerals, such as
quartz and calcite, are much lower than the positive values measured for ferrimagnetic and
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paramagnetic minerals, so diamagnetic minerals have little effect on the MS value unless they
are present in extremely high concentrations in a sample (Ellwood 2008, Ellwood et al. 2000).
MS is measured in m3/kg (Ellwood 2008, Ellwood et al. 1996) and represented as χ,
where:
M = χH
and M is the magnetism induced in the sample under applied magnetic field H (Ellwood 2008,
Ellwood et al. 1996). Because MS values are reported relative to sample mass, samples were
dried before measurement to avoid the contribution of the mass of water. The TVOR core
samples were ready to be processed as the core was dry after 13 years of storage. The samples
from the TVOR S and TVOR SE cores were air dried for two months before measurements were
taken.
Three cores were sampled for magnetic susceptibility (MS) measurement: those collected
in 2006 at TVOR S and TVOR SE sites, and a 15.4 m (50.5’) core collected in 1994 at TVOR
site (Jones et al. 1995). Each core was sampled at 0.05 m (0.02‖) intervals for a total of 585
samples (271 from TVOR, 171 from TVOR S, and 143 from TVOR SE). Five to eight grams of
sediment were removed from the core at each sample point, disaggregated, and placed in a small
plastic bag for measurement.
MS was measured using the balanced-coil susceptibility bridge in the LSU Rock
Magnetism Laboratory. The bridge is calibrated to National Bureau of Standards values given in
Swartzendruber (1992) and is sensitive to less than 1 +/- 0.2 X 10-9 m3/kg (Ellwood et al. 1996).
The bridge was calibrated by measuring standard samples before each use. Each sample then had
its mass and three separate MS bridge measurements recorded. These values were entered into a
BASIC compiler on a Macintosh computer running OS9, which calculated the statistical mean
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and standard deviation of each sample’s MS measurements; the mean was established as the MS
value for the sample. To facilitate comparison between the datasets for the three cores, the data
were converted from mass-dependent MS values to a dimensionless δMS value using the
equation:
δMS = (MSMEASURED – MSSTANDARD)/MSSTANDARD
where MSSTANDARD = 5.5x10-8 m3/kg, a standard MS value for marine sediments based on
11,000+ samples processed by Brooks Ellwood of LSU (Brooks Ellwood, pers. comm.,
November 2007). δMS values for each core were graphed as raw data, then smoothed using a
spline and plotted in a bar log form similar to those used for magnetic polarity displays (Ellwood
2008). Smoothing using splines and bar logs are interpretive displays, intended to minimize the
effects of anomalous samples on the interpretation of MS data. Bar log divisions are determined
by the degree of change in MS value and the number of points representing the change (Ellwood
2008).
Taphonomy
Fossil data for taphonomic analysis was gathered by reviewing the LSU Museum of
Natural Science (LSUMNS) fossil collections and log of fossils recovered from Fort Polk, as
well as the published literature on the sites (Schiebout 1997, Schiebout and Ting 2000, Schiebout
et al. 2001, 2004) in order to identify the skeletal elements recovered from the TVOR suite of
sites. Fossil condition was inspected, and each element was assigned to a transport group as
described by Voorhies (1969), Behrensmeyer (1975), and Korth (1979) to allow for assessment
of the degree of taphonomic sorting represented in each site’s assemblage. Taphonomic sorting is
related to how much transport the fossils in a particular assemblage have undergone, and is
therefore useful in determining whether an assemblage is more likely to represent a local fauna
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or a mixture of organisms from varying geographic locations. In addition, it can offer insight to
the geologic processes involved in the formation of a fossil site.
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RESULTS
Core Data
The cores collected at TVOR S and TVOR SE are generally finer-grained and more
homogenous than those from TVOR and DISC described in Jones et al. (1995). Both cores are
clay-dominated, with silty layers and occasional sand stringers, and lack obvious indicators of
soil development such as root casts, carbonate nodules, slickensides and peds (Retallack 2001),
although iron staining and mottling is common. As with the DISC and TVOR cores, no
macrofossils were encountered in the cores. Core images and descriptions are in Appendix A.
The TVOR SE core exhibits the most uniform composition of the two cores obtained for
this study, with fewer sandy and silty layers than the TVOR S core, and it did not penetrate any
layers associated with fossil finds, such as nodule conglomerates, nodule-rich sandstones, or
oyster beds. The upper 44.5 cm contain modern roots and soil development. Below that, clay
color alternates from light greenish gray (5GY8/1) to pale yellowish brown (10YR6/2) and dark
yellowish orange (10YR6/6), with mottling and discoloration appearing intermittently
throughout the core. Discoloration is generally moderate red (5R6/4) to moderate reddish brown
(10R4/6), with less common black mottles. Vertical color changes in the massive clays are
generally gradational; abrupt color changes are associated with coarser layers overlying clay
layers. Three sand-dominated layers, all in the lower 3.04 m of the core, are moderate yellowish
brown (10YR5/4), range from 12-30 cm thick, and show no sedimentary structures. It is possible
that bedding or other structures were destroyed or obscured during the coring and splitting
process. The only structures observed in the core were water escape structures associated with
sandy layers, including a sandy clay zone at 4.9 m that oozed water and mud when the core was
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split. Other apparent structures are attributed to deformation related to the small-diameter core
barrel pushing through resistant sediments.
The dominant colors of the clays and mottles in the TVOR S core are the same as those
encountered in the TVOR SE core; however, the clays are siltier, the mottles and discolorations
more common, and the sandy layers are higher in the core than in the TVOR SE core. Modern
soil development marks the top 35.5 cm of the core. Massive clays in the TVOR S core are
located near the bottom of the section, with siltier layers becoming more common upwards in the
core. The lower clays often exhibit shadowy undertones of light to medium gray (N6-N7). The
core lacks sedimentary structures save for flame-like water escape structures associated with
sand stringers, and deformation from coring. The TVOR S core encountered a lithified layer 2 m
below the surface, which is 22 cm thick and sits in abrupt contact with the pale yellowish brown
(10YR6/2) silty clay layer below it. The clay overlying the lithified layer is light olive gray
(5Y6/1) mixed with medium light gray (N6) and is heavily mottled and streaked with black. The
rock itself, pulverized from hammering on the core barrel, is brownish-black (5YR2/1) to very
light gray (N8), and reacts to hydrochloric acid, indicating calcium carbonate (CaCO 3) content.
No fossils or diagnostic structures were observed in the rock layer, which appears to be a heavily
dissolved carbonate nodule layer. This differs from the nodular rocks found at other Fort Polk
fossil sites, which contain fossils or fossil fragments and lithic fragments along with the
carbonate nodules.
The overall fine-grained nature of these cores and the rare sand stringers are indicative
that both sites represent either a sediment-starved locale or a sheltered depositional area at the
distal end of the fluvial system. The lack of defined paleosol development in either core, along
with the palynological work by John Wrenn reported in Schiebout (1997) and Schiebout and
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Ting (2000) support the interpretation of a quiet, brackish-to-saline interdistributary swamp with
near-constant standing water for TVOR S, while the invertebrate and vertebrate fossils at TVOR
SE place it in a coastal embayment or lake. Mottling can be the result of redox reactions that
occur due to periodic drying and incipient soil formation, periods of water stagnation and
anaerobic conditions (Retallack 2001, Driese 2004), or bioturbation. Given the lack of paleosol
development, massive nature of the clays, and the interpreted paleoenvironments, the mottling
present throughout both cores is most likely the result of heavy bioturbation and modern
groundwater movement rather than a sign that both TVOR and TVOR SE were subject to
periodic drying or stagnation. The scarcity of sand bodies at both sites suggests that the coarser
layers are the result of rare or ephemeral events, such as flooding or storms; depending on the
depositional event, the sediments in these layers might be from terrestrial sources or reworked
from the sea. That the sand layers in the TVOR S and TVOR SE cores are so fine-grained and
thin indicates that the main sediment conduit was some distance away from these fossil sites.
Mineralogical Analysis
Grain mounts consisted exclusively of predominantly subangular to subrounded quartz
grains across all size fractions, with the exception of rare sub-to-rounded zircons found in the 44
– 74 micron and >44 micron size. Quartz grains are clear and exhibit undulatory extinction under
polarized light. Small mammal teeth, mainly from rodents, have been discovered during bulk
sediment processing, but none were found while cleaning and sieving sediment from the cores in
preparation for mineralogical analysis.
Although zircon in Gulf Coast sediments has classically been identified as a member of
heavy mineral suites originating from eastern Mississippi River drainage (Van Andel and Poole,
1960, Rosen 1969), it has also been recorded in assemblages from the Sabine and other central
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Texas rivers (Van Andel and Poole 1960, Cole and Anderson 1982). Its common occurrence in
sedimentary rocks (Deer et al. 1992) makes zircon difficult to use in provenance determination in
the absence of accompanying minerals. Lack of diagnostic heavy minerals in the core sediments
is not surprising given their fine-grained nature because most high-density particles would
probably settle out of the transport medium before reaching the distal part of the depositional
system represented by the TVOR S and TVOR SE sites. The angularity of the quartz fraction
suggests that the sediments were sourced from newly exposed rocks, like those of the
Cumberland Plateau (Galloway et al 2000, Wu and Galloway 2002, Galloway 2005), and had
been transported long enough to lose the less resistant minerals in the assemblage. The
contrasting roundness of the zircons indicates that, although they may have the same source as
the quartz grains, they have undergone multiple cycles of reworking and transport.
Magnetic Susceptibility
Three sets of MS data were generated, representing each core from TVOR, TVOR S, and
TVOR SE. The data are displayed using the δMS, both the raw values and spline-smoothed
curves, and with their corresponding bar graphs (Figures 6-8).
Fluctuations in MS values have been tied to climatic and geologic processes, such as
pedogenesis (Ellwood et al. 1996, Hanesch and Scholger 2005), sediment influx or starvation
(Balsam et al. 2005, Ellwood et al. 2006) , and to anthropogenic causes such as campfires
(Ellwood et al. 1995, 1996). Standardizing MS curves to δMS values allows not only for
comparison across widely-varying data sets, but as it also relates calculated data to a standard
MS value for marine sediments, it may give a clearer indication of whether a paleoenvironment
was more terrestrial or marine. This is a valuable insight when dealing with marginal marine
settings such as those suggested by the geology and paleontology of TVOR S and TVOR SE. For
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a given site, largely positive or negative values of the data could be taken as an indication that
the site represents a mostly marine (δMS values fluctuating around 0.0) or terrestrial (δMS
values significantly greater than 0.0) environment. Because factors such as soil formation can
increase concentrations of magnetic minerals, particularly maghemite (Ellwood 2000, Ellwood et
al. 1995, 1996), and therefore increase the MS, it is not a definitive tool for determination of
depositional environment.
Increased MS values in response to geologic processes have been used as paleoclimatic
proxies as warm, wet conditions increase pedogenic alteration, rates of weathering, and degree of
terrigenous influx to the sea, while the same processes decrease during cooler, dryer periods.
This creates patterns of MS variability that offer insight to local climate cyclicity which have
correlated with local and global climatic events (Ellwood et al. 1995, 1996, 2000, 2006, Balsam
et al. 2005, Ellwood 2008).
The δMS values for the TVOR core generally fluctuate around 0.0, and the data records
13 cycles (Figure 6). δMS increases from the base to 8 m, where there is an abrupt shift to
negative values equivalent to those at the base. This strong trend towards negative values is
present to about 6.5 m depth, where they again increase until 4 m and then fluctuate gently
before shifting to a 0.6 value in the upper meter of the core, likely the influence of modern
pedogenesis.
Ellwood et al. (2000) have shown that MS for marine sediments ranges from 1 x 10 -9
(δMS = -0.98) to 2x10-7 (δMS = 2.64) m3/kg, with a median value of 5.5x10 -8 m3/kg. δMS
values in the TVOR core are within this range and therefore anomalous for the terrestrial setting
inferred from the site’s paleontology and from the work of Jones et al. (1995) describing paleosol
formation as prevalent throughout the core. However, as the TVOR soil was classified as a
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vertisol, a clay-dominated soil formed in waterlogged conditions (Retallack 2001, Driese 2004),
and the core sediments were generally clay-rich, it is possible that that the δMS values reflect the
nature of the parent sediments rather than the effects of pedogenesis. Hanesch and Scholger
(2005) worked in the Austrian Alps in an attempt to identify baseline values of the MS for
various soil types, and the median value for a granite-based gleysol in their study was 7x10-8
m3/kg, with a range of 5-20x10-8 m3/kg. Work by Ellwood et al. (1995, 1997) on archaeological
cave sites returned MS values for terrestrial, moderately pedogenetically altered sediments that
are generally no lower than 1x10-7 m3/kg. The median of the MS values for the TVOR core is
6.06x10-8 m3/kg, within the range of soil values reported by Hanesch and Scholger (2005), but
still less than other reported terrestrial values.
Twelve cycles are present in the TVOR S core (Figure 7). δMS values maintain a slightly
positive reading from the base up to about 3 m, where there is a 1 m thick zone of negative value
correlating to the rock layer reported in the core, after which the previous positive values return.
The median value δMS is 5.79x10-8 m3/kg, consistent with the marine environment suggested by
its sparse fossil collection and the presence of a single Miocene foram. The negative values from
2-3 m are consistent with the CaCO3 containing rock in that interval; that the negative values
persist past the base of the lithified sequence could indicate dissolution and leaching of the
CaCO3 –containing rock into the underlying sediments or that there was a prolonged change in
depositional pattern that culminated in the deposition of the now-lithified layer at TVOR S.
There are 9.5 cycles identified in the TVOR SE δMS data (Figure 8). Values vary around
0.0 from the base of the core to 3.5 m depth, where there is a sudden negative incursion that
persists for 1.5 m. Values at the upper 2 m of the core again fluctuate around 0.0.
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Figure 6: δMS values for the TVOR site core with associated bar log. Stippled line is raw values; green
curve is the spline.
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Figure 7: δMS values for the TVOR S site core with associated bar log. Stippled line is raw values; green
curve is the spline.
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Figure 8: δMS values for the TVOR SE site core with associated bar log. Stippled line is raw values; green
curve is the spline.
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As with the TVOR S core, these results support the interpretation that, based on the finegrained sediments and marine fossil assemblage, TVOR SE is a marine-deposited site. The
median δMS value for the core is 5.36x10-8 m3/kg, in line with this assumption, but the MS
variations indicate that the area was susceptible to occasional increases in terrestrial input. The
stratigraphically lower negative trend, from 5.5 – 4.5 m is congruent with a sand layer, but the
cause of the larger excursion from 3.5 – 2 m is less clear. That portion of the core is mostly a
massive clay with silt and sand content increasing with depth, rich in mottling and other
discoloration that would be predicted to produce a more positive MS reading.
Correlation of the δMS curves and bar logs appears to confirm the degree of overlap
between the cores and records rough, long-term climate cyclicity through the section. The TVOR
core was retrieved at an elevation of 94.5 m (310’). TVOR S and TVOR SE are less than 1 km
south of TVOR, and their cores were retrieved at elevations of 86.26 m (283’) and 83.2 m (273’),
respectively. Based on the dip between the cored areas, the cores account for a total of about 17.5
m (57.4’) of section, with the TVOR and TVOR SE cores covering much of the same
stratigraphy. Patterns in the MS data support this stratigraphic correlation (Figure 9). Strata about
0.5 m from the top of the TVOR SE core are correlated to the rock layer at TVOR S, suggesting
that there is no relationship between the rock encountered at TVOR S and the dissolved shell
layer from TVOR SE, which would be expected 1-2 m from the top of the core. Failure to
encounter the TVOR SE rock in the core makes this difficult to test. The tie between the TVOR
S and TVOR cores is more tenuous because of the shorter amount of overlap. Correlating the bar
logs from the three sites creates 9 overlapping data points between TVOR S and TVOR. These
were fit with a line of correlation that also supports stratigraphic overlap between the cores
(Figure 10).
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Figure 9: Correlation between TVOR site cores based on surface elevations at core recovery sites and δMS
spline curve features. δMS curves are lined up according to stratigraphic overlap suggested by elevation. Arrows
point to apparent correlation points between the cores.
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Figure 10: Bar log correlations between TVOR (top), TVOR S (left), and TVOR SE (bottom)
with associated correlation points and lines of correlation.
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Climate cyclicity is determined by counting the number of cycles represented in the
combined section. There are 21.5 cycles represented in the approximately 500,000 years that
separate TVOR, thought to be the youngest site, and TVOR SE, the oldest (Schiebout et al.
2004). This periodicity fits with that of precession cycles reported in Berger et al. (1992), which
has a 22,890 year cyclicity that would require 21.8 cycles over half a million years, consistent
with the cycles observed in the MS data set.
Taphonomy
Taphonomic analysis of the TVOR sites focused on understanding the transport and
depositional history of the fossil assemblages. Analysis was limited to identified, cataloged
specimens, as well as to fossils that were not yet curated but were identifiable skeletal elements.
Special attention was given to macrovertebrate remains because of their relative rarity at the
TVOR sites, and because Barstovian sites do not frequently have a large microvertebrate
component, making macrovertebrate fossils vital for correlation between sites.
The dominance of microvertebrate finds at the TVOR sites can be explained two ways.
First, the abundance and shorter lifespans of smaller vertebrates relative to larger ones in living
populations means that their populations produce far more teeth and bones that can be fossilized
to begin with (Van Valen 1964). Second is collection bias, which normally favors larger remains,
but the dissolution and screening procedures in place at the Fort Polk sites help to minimize such
bias against small specimens. This in fact increases microfossil recovery relative to macrofossil
recovery because of the focus it puts on the rock layers in which the small fossils are found. Both
the microfossil and macrofossil assemblages, though, show a high degree of taphonomic sorting
that suggests that there may be more to the difference in numbers than ecological factors and
collection techniques.
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Studies concerning the nature of skeletal disarticulation, effects of surface weathering,
and how and with what degree of ease bones are moved through the sedimentary system (e.g.
Voorhies 1969, Behrensmeyer 1975, Korth 1979, Aslan and Behrensmeyer 1996) have helped to
quantify the effects of these processes on bones and are important to the analysis of the history of
fossil sites and the fossils in them. In his paper on the Verdigre quarry in Nebraska, Voorhies
(1969) noted that most terrestrial fossil assemblages occur in association with fluvial activity,
and reported the results of experiments on bone transport in flumes, simulating their behavior in
a river system. He separated common elements into three groups based on the manner and
distance they moved in a current. Group I elements moved immediately by floating or saltation
and would move under normal flow conditions; Group II were mobilized gradually and moved
by traction along the bed, generally requiring flood conditions to move; and Group III remained
in the lag deposit (Table 1). Voorhies (1969) did not address teeth in his study, but work by
Behrensmeyer (1975) on the hydrodynamic equivalence of various bones to quartz spheres
suggests that teeth are readily moved skeletal elements, like Voorhies’ Groups I and II elements.
Working with modern bones, Behrensmeyer (1975) found that a horse (Equus) molar was
equivalent to a 26.9 mm quartz sphere and a sheep (Ovis) molar an 8.6 mm sphere, indicating
they will move with slower-than-expected currents and with grain size assemblages that appear
anomalously small. Behrensmeyer used her hydrodynamic equivalences to build a chart of
expected Group I/II fossils for eight disparate animal groups, and the conclusions were similar to
those of Voorhies (1969). Aslan and Behrensmeyer (1996) repeated the work of Voorhies
(1969), but this time recorded bone transport over the course of 13 years in the East Fork River
in Wyoming, which confirmed Voorhies’ (1969) transport groups. They released 14 teeth as part
of their experiment, and although all study elements were implanted with a small metal rod to
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Table 1: Dispersal groups after Voorhies (1969) and Korth (1979). Voorhies data are in all
caps; that from Korth is in lowercase.
Group I
RIBS
VERTEBRAE
SACRUM
STERNUM
ribs

Group I/II
PHALANGES
SCAPULA
ULNA
atlas
ulna
pelvis
radius
skull
metatarsal

Group II
FEMUR
TIBIA
HUMERUS
METAPODIA
PELVIS
RADIUS
femur
molars
astragalus
calcaneum

Group II/III
RAMUS

Group III
SKULL
MANDIBLE
mandible
tibia
tiba/fibula

facilitate location with a metal detector, they recovered none. Aslan and Behrensmeyer (1996) do
not address whether they think this is the result of loss due to small size, or if perhaps the teeth
were transported further than the researchers searched.
Building on the sorting work of Voorhies (1969), who had used coyote and sheep bones
in his experiments, and Behrensmeyer (1975), who also concentrated on studying larger animals,
Korth (1979) performed sorting experiments in a flume to test the transportation patterns of small
mammal bones - shrew, mouse, squirrel, rabbit, and raccoon - using horse and sheep elements as
a common element for comparison across studies. Korth used the same suite of bones as in
Voorhies (1969), but also included molars in his test assemblage. His results were similar to the
original Voorhies (1969) work, and he found that all the molars, except for shrew and mouse
molars that fell in Group II/III, were Group II elements (Korth 1975). Korth (1975) also assigned
rodent teeth a hydrodynamic equivalence to quartz spheres of diameter 0.75-1 mm, which is
coarse sand size.
With the exception of some of the rodent teeth, the shrew mandibles with intact teeth, and
the Prosynthetoceras cf. P. francisi mandible fragment, nearly all identifiable skeletal elements
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Table 2: TVOR site fossil assemblages and related dispersal groups.
SITE
TVOR

TVOR S

TVOR SE

FOSSIL
Mylobatis sp. (ray) tooth
Alligator sp. scute
Gavialosuchus sp. (crocodile) tooth
Lagomorph lower molar
Antrozous sp. (bat) molar
Limnoecus niobrarensis (shrew) mandible fragment
with m2, m3, and 5 incisors
Limnoecus niobrarensis (shrew) mandible fragment
with one tooth
Limnoecus niobrarensis (shrew) teeth
Texomys ritchiei (rodent) teeth
Protoheteromys sp. (rodent) teeth
Copemys sp. (rodent) teeth
cf. Nototamias ateles (squirrel) teeth
Nototamias sp. teeth
Miomustela sp. (mustelid) tooth
cf. Pseudoblastomeryx teeth
Petauristinae sp. teeth
Equid metapodial, distal end
Snake (viper) vertebra
Mammal navicular
Artiodactyl lower molar
Carnivore astragalus
Mylobatis sp. (ray) tooth
Turtle material
Equid molar
Mylobatis sp. (ray) tooth
Perciform fish spines (36)
Aplodinotus sp. (drum fish) tooth
Crocodilian teeth
Carnivoran coprolites (2)
Limnoecus niobrarensis teeth
Cetacean petrosals (2)
Artiodactyl calcaneum
Artiodactyl phalange
Camel radioulna
Prosynthetoceras cf. P. francisi mandible fragment
with tooth
Equid tibia, distal end
Equid ulna, missing distal end
Merychippus cf. M. Goorisi (horse) molar
Rhinoceros tooth fragment
Copemys (rodent) teeth
Alligator sp. teeth
Gomphothere (proboscidean) tooth
Perissodactyl molar
Whale rib? Fragment
Distal limb fragment
Marine mammal vertebrae
Turtle limb and shell fragments
Prosynthetoceras sp. molar
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LSUMG #
3885
3888
3889
3578
3437
3852

I

I/II

II

X
X
X
X

II/III

X
X

Multiple

X

Multiple
Multiple
Multiple
Multiple
Multiple
Multiple
4521
Multiple
Multiple
12233
9643
13599
11213
10970
Multiple
none

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
Multiple
10895
12112
Multiple
12084
Multiple
11876
12226
12228
11893
11207
12227
12225
11894
12121
Multiple
Multiple
12343
12231
none
none
none
none
none

III

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

from the TVOR suite of sites fall into dispersal groups I and II of Voorhies (1969),
Behrensmeyer (1975), and Korth (1979) (Table 2). At TVOR, 38.1% of the classified elements
fall into Group I/II, 14.3% in Group II, 38.1% in Group II/III, and 9.5% in Group III. At TVOR
SE, 22.2% of the elements are Group I elements, 61.1% Group I/II, and 16.7% Group II/III. The
only classified element from TVOR is an equid molar belonging to Group I/II. Because there are
so few Group III fossils at the TVOR suite of sites, that is, elements that would be left behind
when others are moved in the current, and because the assemblage is so taphonomically sorted, it
follows that most of the fossils found at the TVOR sites have undergone some degree of
transport. This indicates that the assemblages formed as a result of transportation of bones or
fossils to the sites, rather than as an attritional collection of the local biota.
The condition of fossils can also be used to assess whether an assemblage is local or
exotic, and whether bones were transported to the site before or after fossilization. Fossils
recovered at the TVOR sites exhibit varying degrees of wear and breakage, with the most
damaged specimens being the unidentifiable chips of rounded to angular bone that are commonly
recovered when screening the fossil-bearing, nodular conglomerates. Macrofossils recovered
from the TVOR sites all show surficial cracking and chipping that can be related to exposure on
the surface prior to fossilization (Behrensmeyer 1978); the fossils commonly show stage 1-2
weathering, with cracked, flaking surfaces that sometimes expose the porous layers of the bone
(Behrensmeyer 1978). This type of alteration may indicate that they were deposited as fresh bone
near their discovery locality, as bones in this condition typically do not survive extensive
transport, particularly when transported with clasts like the carbonate nodules with which the
TVOR suite fossils are often associated. It is also possible that the bones had been rapidly buried
after the death of the animal and then exhumed shortly before transport to the site. Buried bones
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don’t weather as rapidly as those on the surface (Behrensmeyer 1978), so these relatively
unaltered bones would have been altered at the site of deposition although they did not originate
there. Bone chips in the conglomerates could thus be from bones that weathered at the surface in
the local area, with easily moved chips and flakes carried away from the parent bone, or they
may be the broken-off parts or all that remains of bones that have been buried, exhumed, and
tumbled through a stream repeatedly. The presence of well-rounded bone chips, like wellrounded mineral grains, suggests that at least some of the chips have experienced the latter.
Recovered long bones are all broken and incomplete, which might be attributed to
trampling by other animals, scavenging, or damage during transport. No indications of
scavenging, such as bite marks, are visible on bone from the TVOR sites, and the generally
smooth character of the breaks suggests that the bones had undergone some degree of
fossilization before breaking, as fresh bone tends to break in a more jagged fashion. The notable
exception to the incomplete condition of the macrofossil finds is a 60 cm long camelid radioulna
(Figure 11) recovered from just above the oyster-bearing bed at TVOR SE (Schiebout et al.

Figure 11: Camelid radioulna as found at TVOR SE, with machete for scale. From Schiebout
et al. (2001).
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2001). Although it was already broken into sections when found, the breaks were clean and the
entire bone was present, with the sections in association, indicating the breakage was post- rather
than pre-depositional.
Greater transport distance does not always correlate to greater damage, as observed by
Aslan and Behrensmeyer (1996) with their river experiment on large mammal skeletal elements,
and Korth (1979) and Andrews (1990) in tumbler experiments on small mammals. Teeth are
already recognized as the hardest skeletal element, and Korth (1979) and Andrews (1990)
showed that rodent teeth can survive considerable abrasive contact with even their roots intact,
meaning that even some of the small, nearly pristine teeth recovered in screening may have
undergone considerable transport. The resistance of teeth in general clearly contributes to their
abundance at the TVOR sites, and the tenacity of rodent teeth could explain how they survive
transport with carbonate nodules and sands, and their high concentrations in rocks containing
these coarse grains. This might also explain some anomalies noted when using rodents as
environmental indicators as discussed in Schiebout (1997), Schiebout and Ting (2000), and
Schiebout et al. (2001, 2004). The rodent assemblage at DISC and TVOR SE are dominated by
the geomyoids, a group thought to favor open, dryer environments (Schiebout et al. 2004) unlike
the environments interpreted for TVOR S and TVOR SE. Rodent teeth surviving burial,
reworking, and transport from differing environments before being deposited at the TVOR sites
could skew the proportion of teeth recovered and the resulting environmental interpretations.
Ultimately, the observed fossil assemblages from the sites are the result of local fluvial
and marine processes, with the lack of marine fossils in the assemblages at TVOR and TVOR S
indicating stronger influence from terrestrial rather than from marine sources. Grain sizes in the
TVOR site nodule conglomerate are less than 1 mm diameter (Schiebout 1997), and while it is
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possible that this is due to a limited sediment supply in the drainage area, the fine-grained, sandpoor sequence seen in the cores supports the interpretation that the sites were simply too far
away from the sediment source to receive coarser clastic sediment and detrital material, even by
avulsion or crevasse splay events or during floods. Such grain sizes are too small for
hydrodynamic equivalence with the teeth of even medium-sized animals, such as a sheep
(Behrensmeyer 1975), but rodent teeth are assessed by Korth (1975) to be equivalent to coarse
sand and could be transported as bed load, another factor that could contribute to their
abundance. During floods, it is possible that Group I/II macrovertebrate fossils found at the
TVOR sites were mobilized with the small teeth in ephemeral, storm-generated streams that
concentrated bones, quartz grains, and soil-formed CaCO3 nodules into the discontinuous
deposits found today. In fact, this scenario may better explain the low numbers of
macrovertebrate fossils seen than would hurricanes or other catastrophic events, which might be
expected to carry more large bones, and a greater variety of skeletal elements, into the
depositional area.
TVOR SE site was likely formed under similar depositional processes. There are nodules
and larger fossils associated directly with the shell bed, suggesting that the oysters were buried
by an influx of material similar to that which composes the lithified layers seen at TVOR and
TVOR S. Most of the microvertebrate finds, however, originate from an unconsolidated clay
layer above the partially dissolved shell layer. The shells likely acted as a baffle, trapping bones
that might otherwise have been washed out to sea, and while it is possible that these remains
were later reworked into the overlying clay by wave action, this layer may represent a separate
depositional event. The similar fossil assemblage to that of TVOR site again suggests that the
assemblage found at TVOR SE was not the result of a hurricane or other major storm that might
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draw whole animal carcasses out to sea or bring marine animals inland. If such whole skeletons
and larger bones had been deposited at TVOR SE, they would not be removed by processes that
would leave behind the smaller elements seen there.
The same sorting processes that affected the terrestrial fossil assemblage could also
account for the composition of the marine assemblage, explaining the missing heavier elements
from the groupers, such as the ossified skull, vertebral column, and ribs as noted in Schiebout et
al. (2001). These heavier elements, especially the skull, are more likely to be Group III elements
that would remain as lag. The Group I/II spines (Behrensmeyer 1975), which have been collected
at the site, are more easily transported by waves or currents.
Still unexplained is the lack of microfossils, such as the scarce forams and missing fish
otoliths, which would be expected in an aquatic depositional environment, especially given the
abundance of fish teeth. Because otoliths and many other microfossils are made of CaCO3, a
collection bias related to fossil recovery techniques involving acid washing is suspect. However,
sediment has been processed without the use of the 10% acetic acid wash, in attempts to recover
these fossils, but without success. The most likely explanation is that modern acidic soil
conditions have dissolved the calcium carbonate fossils, leaving behind only the more resilient
oyster shells. It is possible that the brackish water environment indicated by the oysters found at
TVOR SE (Schiebout 1997, Schiebout et al. 2001, 2004) was inhospitable to many organisms,
but fish and forams are found in a variety of environments, including brackish-water ones, so
paleonenvironmental bias does not adequately explain the lack of these microfossils.

42

DISCUSSION
Local Paleoenvironments
The result of the core and MS work are in accord with the large-scale paleoenvironmental
settings presented in Fisk (1940) and Hinds (1999), as well as to the site-specific interpretations
for TVOR S and TVOR SE from Schiebout (1997), Schiebout and Ting (2000), Jones et al.
(1995), and Schiebout et al. (2001, 2004) (Figure 12). MS data from TVOR, however, suggests a
more marine setting than interpreted by these authors.
The cored interval at TVOR SE represents a brackish, sheltered, marginal-marine lake or
embayment. Redox features in the cored sediments indicate that the water was probably welloxygenated rather than stagnant, and the lack of sedimentary structures is attributed to heavy
bioturbation that would obscure individual traces of bioturbation such as burrows. There is
variation in the sediment layers in the cores, from clay- to sand-rich layers, indicating periods of

Figure 12: Interpreted paleoenvironment of the Fort Polk area during the Late Middle Miocene.
Shapes are illustrative of fossil site relationships to the environment as discussed in the text and
do not represent actual spatial relationships. Triangle is TVOR SE, square is TVOR S, and
circle is TVOR. Modified from Hinds (1999).
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coarser-sediment influx that may be related to causes as disparate as occasional crevasse splay,
avulsion, or storm in the case of interbedded sands, or climate change leading to increased
terrestrial sediment delivery to the basin. Fluctuations in MS also suggest variations in sediment
input, and the distinctness of the cycles present in the MS dataset suggest that little mixing of the
sediments, whether by biological or physical agents, has occurred. Such mixing would reduce
variation in MS values.
TVOR S is interpreted as an interfluvial backswamp or coastal lake environment,
although an increased silt content through the core is suggestive of greater proximity to a
terrestrial setting or to a non-ephemeral stream than at TVOR SE. It is possible that sandier
layers may represent the toes of crevasse splays rather than streams, but the scarcity of these
layers and the lack of sedimentary features make such identifications difficult. Absence of strong
paleosol development in the cored interval again supports an environment dominated by poorlydrained soils or standing water and marine influence on the locale is inferred from the δMS
values. Pulverization of the lithified layer due to coring allowed the rock at the site to be
identified as a heavily dissolved nodule sandstone or conglomerate that apparently lacks other
lithic or biological content as seen in other carbonate nodule layers at the TVOR suite of sites. If
this layer can indeed be correlated to the oyster bed at TVOR SE, questions must be raised as to
why the TVOR S rock, and site in general, is so fossil-poor when compared to the TVOR SE
locality.
The environment at TVOR appeared to be well-defined as terrestrial by the core work of
Jones et al. (1995) and the described fossil assemblage from the site (Schiebout 1997, Schiebout
and Ting 2000, Schiebout et al. 2001, 2004), including detailed work on herpetofaunas by
Williams (2010) that conclude the site represents a freshwater terrestrial environment, but the
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MS data are more consistent with a marine interpretation. These data sets are in congruence,
however, if TVOR is interpreted as a coastal swamp much like those found in Louisiana today,
which record more marine MS values. It is possible that high clay content and pedogenic
leaching at the site contributes to the marine values obtained from the MS; it is also possible that
taphonomic bias observed in its fossil assemblage has eliminated fossils that would identify the
site as marine, and that the paleosols reported in the core (Jones et al. 1995) formed during
periods of relatively lower sea level that exposed the site. However, fossils recovered at TVOR
come from layers in the upper 2 m of the cored interval, where δMS values are higher than those
in the lower half of the core (Figure 6). This suggests an alternate environmental interpretation,
where the cored interval at TVOR indicates a change from a marine environment in the lower
half to the core to a more terrestrial one in the upper half. If TVOR is a marine-influenced site, it
appears to be more marginal than either TVOR S or TVOR SE.
These three closely grouped sites seem to indicate a shift in local paleoenvironment
through the roughly 0.5 million years of deposition (Gose in Schiebout et al. 2004) their histories
represent. Although the Castor Creek Member is described as one of the brackish-to-marine units
of the Fleming Formation (Fisk 1940, Hinds 1999), the change in environments indicates that, at
least in this area, the uppermost part of the Fleming Formation was becoming fully fluvial, a
situation especially apparent at the DISC site. This change underscores the difficulties of
stratigraphic correlation in fluvial units, and with correlating terrestrial fossil sites in general, a
problem that affects determinations of site ages and relationships all along the Gulf Coast
(Schiebout 1997, Albright 1998, Schiebout and Ting 2000, Schiebout et al. 2001, 2004).
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Taphonomy and Paleontology
The taphonomic sorting that characterizes the fossil assemblages at the TVOR sites is not
surprising given the sedimentary environments defined by the sedimentary and MS analyses. In
hydraulic systems, bones or fossils act as sediment particles to be moved and deposited
according to the physics of the system, and the clay-rich cores and relatively uniform MS curves
indicate that there were few events concentrating large sedimentary particles in the system, save
for those that created the carbonate nodule conglomerates and sandstones where the
microvertebrate fossils are concentrated today.
Although the paleoenvironments and taphonomic histories at TVOR S and TVOR SE
indicate that the fossil assemblages may not be a local fauna, that is, one that lived on the land
that is now the Fort Polk Military Post at the time of deposition, the conditions of some of the
fossils indicate that they were likely drawn from nearby environments, and the assemblages as a
whole are certainly representative of the fauna that lived in western Louisiana and eastern Texas
during the Middle Miocene. While the MS data for the three sites, even TVOR, point to more a
more marine than terrestrial paleoenvironment, the palynology indicates that there were
terrestrial areas nearby from which the vertebrate assemblage could be drawn. Pollen from most
of the trees and grass observed at Fort Polk is produced voluminously and scattered wide
distances by wind, but the volume and generally good condition of the pollen recovered from
core sediments implies that much of the palynomorph assemblage comes from local sources and
was not carried in from elsewhere (Wrenn in Schiebout 1997, Schiebout and Ting 2000).
Whether TVOR is interpreted as marginal marine or terrestrial, the nature of the fossil
assemblage raises questions about the paleoenvironment. On one hand, the scarcity of bones
from large terrestrial animals at a terrestrial site is interesting because it is reasonable to assume
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that there would be a thriving, local biological community. However, if the site is considered as a
marginal marine one, the lack of equivalent marine fossils raises the same issues. Sample bias
may certainly be a factor, given that the limited outcrop at the site doesn’t allow for the most
thorough sampling of the fossil assemblage. It is curious that the more distal appearing TVOR
SE would yield as many large vertebrate fossils as TVOR has in addition to its marine
components. Paleoenvironmental factors could be an issue. If TVOR was not fully marine,
conditions might have been too wet and muddy for large animals to pass through easily, or at
least with great frequency, meaning that they lived and died far away from the site as they must
have from TVOR SE. Gley soils, such as the vertisols ascribed to TVOR (Jones et al. 1995) can
form in very wet conditions. Mud that would bog down a deer or horse-sized animal might not
be as impassible to a small, light, mustelid or rodent, which could influence the fossil assemblage
observed at the site. If the area was densely covered with mangrove or cypress-like trees and
other dense water-dwelling vegetation, these may have stopped the transit through and
deposition of larger bones in the area. As the small mammal fossils show taphonomic sorting like
that of the larger animals, it still seems likely that much of the small mammal assemblage was
transported to the site from outside the immediate area, or only entered the observed fluvial
system after being buried and reworked several times by previous systems. An alternate
explanation could be that small mammal carcasses were scavenged or eaten by other small
animals and birds, a process that small bones can survive, but that disarticulates the skeletons
and can free teeth from the jaws (Korth 1979, Andrews 1990). This allows teeth to be selectively
returned to the sediment system.
The correlation of Fort Polk fossils to more complete faunas in Texas is probably the
most convincing evidence of their regional-to-local origin. Gulf Coast faunas are noted for
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regional endemism (Albright 1998, Tedford et al. 2004), so the null assumption would be that
faunas found in Louisiana will resemble those in Texas and Florida. The most diagnostic fossil
from the Fort Polk sites is the mandible and other material from Prosynthetoceras francisi, from
the DISC site, which is conspecific with the P. francisi of the Cold Spring Local Fauna
(Schiebout 1997). A mandible fragment of a similar, though not conclusively identifiable, animal
has been found at TVOR SE (Prosynthetoceras cf P. francisi, Schiebout et al. 2004) which
tentatively ties the older Fort Polk sites to those in Texas as well.
The dinosaur tooth found at TVOR SE is a reminder that, even if the assemblages are
reflective of mid-Miocene regional paleoenvironments, the Fort Polk sites were at the terminus
of far-reaching fluvial systems, and the sediments and fossils found there can reflect more than
just local conditions. The dinosaur tooth comes from a Late Cretaceous dromaeosaur (Schiebout
et al. 2004), a terrestrial dinosaur that might have lived on the large landmass that is now the
modern East Coast of the United States, or a smaller landmass in what is now southern Arkansas
(Smith et al. 1994). Such an obviously out-of-place tooth like that from the Fort Polk dinosaur
can offer insight to the evolution of fluvial systems in the area and amount of time-averaging
present in a fossil assemblage. The similar appearance of an age-appropriate form, though, can
lead to erroneous assumptions about faunal ranges and migrations. Care must be taken when
assessing the significance of such finds at sites like those of Fort Polk.
The Age of the Fort Polk Sites
Although not specifically addressed in this thesis, the work done on the TVOR suite of
sites offers insight into questions concerning the ages of the Fort Polk Miocene sites.
Initial age diagnosis was presented in Schiebout (1994) and was based on the association
of the Patomides matsoni invertebrate fauna, described from the Castor Creek Member in Fisk
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(1940), with vertebrate faunas in Texas assigned to the Barstovian North American Land
Mammal Age (NALMA) (Tedford et al. 1987, 2004). The presence of the rodent Copemys at all
Fort Polk sites, at the time a marker fossil for the beginning of the Barstovian, as well as fossil
horse teeth and proboscidean tooth fragments from TVOR SE, both indicators of the late
Barstovian (Tedford et al. 2004), confirmed the correlation and gave an estimated age of no older
than 15 million years. Age estimates were further defined in Schiebout (1997) and Schiebout et
al. (1996) after a mandible from the artiodactyl Prosynthetoceras francisi was discovered at the
DISC site and correlated to the Cold Spring Local Fauna (L.F.) of east Texas, which is no older
than 14.8 million years (Tedford et al. 2004).
Originally, paleomagnetic work on the DISC and TVOR cores by Wulf Gose, reported in
Schiebout and Ting (2000), placed DISC as the youngest site, at approximately 12.65 Ma, and
TVOR SE as the oldest at 13.8 Ma, consistent with the Cold Spring L.F. ages reported in
Tedford et al. (2004), but also close to the division between the Barstovian and younger
Clarendonian NALMA. Gose’s interpretation of the site ages relative to each other was in
agreement with the stratigraphic position of the sites (Schiebout and Ting 2000, Schiebout et al.
2001, 2004), placing DISC, TVOR, TVOR S, and TVOR SE from youngest to oldest,
respectively, with the ages of the TVOR suite of sites ranging from 13-13.8 Ma.
Although the paleontological and the paleomagnetic data are in accordance, some
palynological evidence found by Wrenn (Schiebout 1997, Schiebout and Ting 2000, Schiebout et
al. 1996, 2001, 2004) suggests a site age at TVOR of no more than 11 Ma, meaning the Fort Polk
sites would be Clarendonian in age. This age is supported by only a single pollen sample,
however, so it is suspect. It is possible that the taphonomic sorting and limited fossil collection
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sites at Fort Polk have obscured other fossils diagnostic of a younger age, but does not seem
likely given the congruent ages of the Fort Polk vertebrate fossils.
Gose et al. (2008), revisited the paleomagnetic data and further narrowed the age range
represented by deposition at the DISC and TVOR suites of sites to 13.1-13.8 Ma, but also reordered his initial assessment of the site ages to indicate that the sites were, from youngest to
oldest, TVOR, DISC, TVOR S, and TVOR SE. This is out of line with the relative age
relationships established from stratigraphic dip barring any major faults or other structures, for
which there is no geologic evidence. The southernmost TVOR site should be younger than the
northernmost TVOR site, based on the slight southern dip of the beds. The TVOR core was
retrieved at an elevation of 94.5 m (310’) and the two DISC cores at elevations of 99 m (325’)
and 91.44 m (300’), indicating that a difference in coring interval is likely not the cause of this
discrepancy in age interpretations. In contrast, the TVOR S and TVOR SE sites are less than 1
km south of TVOR, and their cores were retrieved at elevations 86.26 m (283’) and 83.2 m
(273’) respectively. This proximity and difference in site elevation allows these sites to be
stratigraphically older than TVOR, but not as old as the new paleomagnetic data suggests,
especially with the DISC placed between them.
Given the elevations at which the cores were obtained, and the lengths of the individual
cores, 15 m at TVOR, 8.71 m at TVOR S, and 7.37 m at TVOR SE, the MS data from the sites
should overlap by about 3.2 m from TVOR to TVOR S, and 5.6 m from TVOR S to TVOR SE.
Correlation of the δMS curves and bar graphs confirm this overlap as shown in Figures 9 and 10.
The curves’ fit to the data show several easily recognizable similarities to the cored sections at
TVOR S and TVOR SE, as does the line of correlation (LOC) from the bar graphs. The
correlation between TVOR S and TVOR is less certain, but the LOC suggests a connection
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between the two sites is plausible. MS work from the DISC cores would help in solidifying this
interpretation.
Regional Geology, Paleontology, and Implications
Full understanding of the Fort Polk Miocene sites depends not just on detailed study and
analysis of the fossils and geology specific to the site, but on an understanding of how these
characteristics fit in with or call for revision of regional frameworks. Work to place the Fort Polk
Miocene sites in the greater scheme of Gulf Coast geologic history has been advanced by
Schiebout and Ting (2000), Schiebout et al. (2001, 2004), Hinds (1999) and Gose et al. (2008),
resulting in a tie between the lithostratigraphies of east Texas and western Louisiana, Gulf Coast
NALMAs, and the relative sea level curve (Figure 13). If the interpretation with DISC as the
youngest is followed, falling relative sea level during the deposition of the upper Castor Creek
Member correlates to the increasingly terrestrial nature of the Fort Polk sites as they decrease in
age. Ye et al. (1995) linked Miocene depositional events in east Texas and western Louisiana to
the glacioeustatic sea level curve, indicating that glacial cycles were a major control on sea level
change in the region, but regional fluvial histories show that changes in sediment supply and
depositional routes would have also contributed to local sea level and environmental change.
Gulf Coast sediment supply regimes were actively changing in response to tectonic activity
during the Middle Miocene, and the Miocene was a time of reorganization for Gulf Coast fluvial
systems (Galloway et al 2000, Galloway 2005). Studies of offshore paleogeography and
depocenter locations indicate that Paleogene to early Miocene drainage and deposition into the
Gulf of Mexico was dominated by western-sourced systems such as the Houston and the Rio
Grande rivers, which carried sediments from the uplifting southern Rockies and Sierra Madre
Occidental ranges (Rainwater 1964, Galloway et al 2000, Galloway 2005). Late Early Miocene
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onset of Basin and Range faulting in the west disturbed the spatial layout of these systems and
thus their sediment supply routes, weakening their influence even as synchronous renewal of
uplift in the Southern Appalachians and adjacent Cumberland Plateau increased sediment supply
and structural favor for deposition by the more easterly Red River, (Central) Mississippi, and
Tennessee/East Mississippi systems (Galloway et al 2000, Wu and Galloway 2002, Galloway

Figure13: Correlations between Gulf Coast Local Faunas (Tedford et al. 2004), lithostratigraphic
units (Hinds 1999), relative sea level (Galloway et al. 1991, Hinds 1999), and Caribbean reef
coral abundance (Collins et al. 1996). After Schiebout et al. (2001).
2005). The paths of these newly-important systems created deltaic environments spanning what
is now east Texas and Louisiana, starting with the Red River near the Texas-Louisiana border,
the Mississippi in what is now east-central Louisiana, and the Tennessee/East Mississippi east of
the Louisiana-Mississippi border (Galloway et al 2000, Galloway 2005).
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The ancestral Mississippi and Tennessee River systems dominated deposition in the Gulf
of Mexico by the end of the Middle Miocene (Fillon and Lawless 2000, Galloway et al. 2000,
Wu and Galloway 2002, Combellas-Bigott and Galloway 2002, Galloway et al. 2005), although
the ancestral Red River remained active and probably supplied the Fort Polk area with sediment
during the deposition of the fossil sites discussed in this thesis. Sediment supply from the Red
River decreased as the Mississippi became the dominant system, indicating that the larger system
may have captured much of the former drainage basin for the Red River (Fillon and Lawless
2000). The environments at the TVOR sites may track the beginning of falling sea level related
to Antarctic ice buildup, or may be the result of deltaic subsidence and incursion of the sea as
sediment supply dropped, leading to a localized transgression and creating the estuarine-type
setting observed at the TVOR SE site. Such localized cycles of lobe abandonment and switching
could have much to do with the deposition of the differing members of the Fleming Formation in
the western Louisiana and east Texas area.
The drainage basin of the ancestral Mississippi looked much like that of the modern
system, with tributaries extending north and west across the Great Plains region and east along
the Appalachian Mountains (Galloway 2005). The drainage basin for the Red River is not as well
defined, and without a suite of heavy minerals or other provenance studies, determining its reach
is difficult. Minerals from the Mississippi River heavy mineral suite have been observed as far
west as Galveston Island (Cole and Anderson 1982), showing the power of longshore drift in
mixing sediments, so it’s possible that the zircons in the TVOR S and TVOR SE sand fraction
were brought in from the sea by wave action rather than from their land-based source via a
fluvial system. The dinosaur tooth from TVOR SE (Schiebout et al. 2002) might be the best
sediment provenance indicator yet found. Its excellent condition is most simply explained by the
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assumption that it originated in the landmass just north of modern Louisiana and was therefore
transported far less distance than an Appalachian-sourced one, or one reworked and moved east
from a western landmass by earlier river systems. Although this does not precisely define the
drainage basin, it suggests that it was some time before the Mississippi completely claimed the
drainage systems to its west. Further unusual fossil finds could be proxies for sparse heavy
mineral data.
The tectonic processes that drove the changes in Gulf Coast fluvial systems caused
similar adjustments in other environments across North America, and are part of a larger pattern
of geological and environmental change that characterizes the Middle and Late Miocene (Zachos
et al. 2001, Woodburne 2004). Following a climatic optimum, strengthening Antarctic glaciation
beginning about 15 Ma led to a cooling and drying of climates worldwide, apparent in both
vertebrate faunal changes (Woodburne 2004) and isotope abundances (Zachos et al. 2001,
Woodburne 2004). Data from the Fort Polk sites track these changes in North America; for
example, reduced marine influence reflected in the MS data and sedimentological changes
support the correlation of the Castor Creek Member with a period of falling sea level, while
palynological (Wrenn in Schiebout 1997, Schiebout and Ting 2000, Schiebout et al. 2001, 2004)
and phytolith (Stromberg in Schiebout and Ting 2000) data outline how the local terrestrial
environments changed over time. Similarly, the vertebrate fossils found at the Fort Polk sites are
snapshots of the larger paleocommunities in place in the Miocene and how and when they
migrated and changed. The Fort Polk fossil sites tell us not only about the flora and fauna of
Miocene Louisiana, but also about the geologic and environmental factors that supported the
formation of the living and fossil assemblages.
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CONCLUSION
Integration of taphonomic, geologic, and geophysical data from the TVOR suite of fossil
sites found on the Fort Polk Military Post has contributed to a more robust understanding of the
origins of and depositional processes contributing to the formation of the sites. This in turn
strengthens interpretations of how these sites fit into the regional geologic and paleontological
framework of the Miocene Gulf Coast.
The highly taphonomically sorted assemblages from the TVOR sites are in agreement
with the sedimentological and MS data obtained from the three cores examined, although MS
work suggests that TVOR may have more marine influence than previously thought. While
macrovertebrate fossils can build up attritionally in floodplain and coastal settings, the absence
of paleosol development and coarser sediments or larger sand bodies that are characteristic of
such environments indicates that the TVOR sites were not deposited in these regimes. These
sites were distal, brackish-to-marine swamp and coastal lake accumulations, receiving only those
clastic particles, carbonate nodules, and fossils that could be easily delivered to them by
ephemeral storm-generated streams, floods, and waves. Although bones and teeth can survive
repeated tumbling through streams, it is likely that many of the fossils at the sites, especially
those of the macrovertebrates, were of local origin and were reworked after burial on the
floodplains of streams feeding into the depositional area of the TVOR sites. Overall the
assemblages represent a mixture of animals living in the nearby terrestrial and marine areas as
well as elements that may have been carried in from Arkansas and Texas, as evidenced by the
TVOR SE dinosaur tooth and the nature of the local fluvial systems at the time.
Correlation based on MS data shows that the TVOR S and TVOR SE sites are
contemporaneous and also addresses questions regarding the age relationships of all of the Fort
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Polk sites. A recent re-interpretation of paleomagnetic data, presented in Gose et al. (2008), had
put forward an interpretation that named TVOR as the youngest site on Fort Polk, and TVOR S
and TVOR SE as the oldest, but this is rejected based on the stratigraphic and MS datasets.
Although relative sea level was falling at the time these sites were formed, the alternation
of terrestrial and coastal environments seen in the members of the Fleming Formation suggests
that their deposition was more closely related to localized changes in depositional regimes than
glacioeustatic sea level. Gulf Coast fluvial systems were changing rapidly during the Middle to
Late Miocene, and the deposition of the Castor Creek Member and the Fort Polk fossil sites
could be related to the waning influence and sediment supply of the Red River as the ancestral
Mississippi River drainage system matured in the Late Miocene.
The fossil sites on Fort Polk were deposited during an interesting, changing time in the
geologic history of the Gulf Coast and North America as a whole, and cannot be understood in a
vacuum. Their study and interpretation is valuable for reconstruction of the histories of
Louisiana, the Gulf Coast, and beyond.
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APPENDIX: CORE PHOTOGRAPHS AND DESCRIPTIONS
Appendix Figure 1. TVOR S core images from the multi-sensor core logger. Sections 1 (upper) –
6 (lower), left to right. Depths given as depth in section (total depth).
Section 1: 0-13.5cm: No recovery. 13.5-35.5cm: Modern soil development; roots and organic
material common. Dark to pale yellowish-brown (10YR4/2 to 10YR6/2). Some mottling in dark
yellowish orange (10YR6/6) and grayish orange (10YR7/4). MS Samples TVOR-S 1-5.
35.5-55.5cm: Silty clay, pale yellowish brown (10YR6/2) to light olive gray (5Y6/1). More
abundant dark yellowish orange (10YR6/6) mottling. MS Samples TVOR-S 6-9. 55.5-92.5cm:
Yellowish gray (5Y8/1) to pale yellow brown (10YR6/2) with dark yellowish orange (10YR6/6)
mottles; appearance of moderate reddish brown (10R4/6) mottles. Matrix lightens downsection
and number mottles in moderate reddish brown (10R4/6) decreases (dark yellowish orange
10YR6/6 remains). Last red mottle at base of section. MS Samples TVOR-S 10-16. 92.595.0cm: Black (N1) to grayish-black (N2) mottled smudged with dark yellowish orange
(10YR6/6). MS Sample TVOR-S 17. 95-146.5cm: Becoming more clay-rich. Yellowish gray
(5Y8/1) with continued dark yellowish orange (10YR6/6). Rare, small (~1mm) medium reddish
brown (10R4/6) spots. MS Samples TVOR-S 18-27.
Section 2: 0-5cm (146.5-151.5cm): Detritus; mingled striations of medium red brown (10R4/6),
dark yellowish orange (10YR6/6), and light olive gray (5Y6/1). MS Samples TVOR-S 28-29. 532.5cm (151.5-189cm): Clay. Yellowish gray (5Y8/1) to light olive gray (5Y6/1) matrix with
streaks of moderate yellowish brown (10YR4/2) to dark yellowish orange (10YR6/6). Orange
becomes brighter at 28cm as if mixed with grayish orange 10YR7/4 or pale yellowish orange
0YR8/6. Dispersed black mottling; larger black spots (~.5cm diameter) at 26.5 and 29.75cm
related to below features. MS Samples TVOR-S 30-34. 32.5-55.5cm (189-202cm): As above,
with introduction of large black layers/mottles. Matrix turns to medium light gray (N6) along left
half of core from 45.75-55.5cm. Right side maintains black/orange mottles and matrix color to
52.5cm, where matrix is yellowish gray (5Y8/1) to light greenish gray (5GY8/1). MS Samples
TVOR-S 35-39. 55.5-77.5cm (202-224cm): Lithified interval; highly dissolved nodule
sand/conglomerate. Pulverized rock in brownish black (5YR2/1) and very light gray (N8). From
59-64cm, very light gray (N8). From 59-64cm, very light gray portions are stained pale to dark
yellowish orange (10YR8/6 – 10YR6/6). Occasional such staining through rest of interval. MS
Samples TVOR-S 40-43. 77.5-118.5cm (224-265cm): Relatively abrupt contact with overlying
rock layer; silty clay. Color is pale yellowish brown (10YR6/2) with streaks of dark and pale
yellowish orange (10YR6/6 to 10YR8/6). MS Samples TVOR-S 44-51. 118.5-146cm (265292.5): As above but with sudden increase in streaks such that matrix color is minor component.
Almost solid dark yellowish orange (10YR6/6) from 136cm – base. MS Samples TVOR-S 5257.
Section 3: 0-42.5cm (292.5-335cm): Silty to find sand clay. Mostly intermediate between pale
and dark yellowish orange (10YR8/6 and 10YR6/6) with some layers/spots of pale yellowish
brown (10YR6/2)/light olive gray (5Y6/1). Thin (~3mm) layer of dark yellowish brown material
(10Y4/2) at 22.5cm, .5cm layer of brownish black (5YR2/1) centered at 39.5cm. MS Samples
TVOR-S 58-66. 42.5-99cm (335-391.5cm): Matrix brown/gray as above with layers of dark to
pale yellowish brown (10YR6/6 to 10YR8/6). Undertones of light to medium light gray (N7-N6)
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to matrix. MS Samples TVOR-S 67-77. Becomes massive clay at 75cm. 99-146cm (391.5438.5): As above with almost total loss of orange except for ~3 diffuse layers in bottom 7cm;
these are associated with some brownish-black (5YR2/1) mottles. MS Samples TVOR-S 78-87.
Section 4: 0-4cm (438.5-442.5cm): Detritus; pale to dark yellowish orange sed (10YR8/6 to
10YR6/6). MS Samples TVOR-S 88. 4-35cm (442.5-473.5): Yellowish gray (5Y8/1) clay matrix
with flame-type structures in pale yellowish brown (10YR6/2), pale to dark yellowish orange
(10YR8/6 to 10YR6/6), and dark yellowish brown (10YR4/2) above sand stringer. Section of
flame at 23-35cm in dark yellowish brown (10YR4/2) with .5cm wide inclusion of brown-black
(5YR2/1) from 28-31cm. Grayish orange (10YR7/4) to dark yellowish orange (10YR6/6) at base
of flame. MS Samples TVOR-S 89-95. 35-47.5cm (473.5-486cm): Layer of yellowish gray
(5Y8/1) to light green gray (5GY6/1) overlies section of moderate yellow brown (10YR5/4) with
some black mottles, notably at base/contact with below section. MS Samples TVOR-S 96-97.
47.5-52cm (486-490.5cm): Silty clay. Pale yellowish brown (10YR6/2) to grayish orange
(10YR7/4). MS Samples TVOR-S 98. 52-55cm (490.5-493.5cm): Massive clay. Light
green/yellow as above from 52-53.5cm, then layer of dark yellowish orange (10YR6/6) to 55cm.
MS Samples TVOR-S 99. 55cm-146.5cm (493.5-585cm): Light olive gray (5Y6/1) with
medium light gray (N6) undertones. Diffuse dark yellowish orange (10YR6/6) mottling
throughout. Occasional spots (~2mm) of moderate brown (5YR3/4) throughout. Appearance of
rare black streaks at 104cm; more noticeable at 129cm. MS Samples TVOR-S 100-117.
Section 5: 0-9.5cm (585-594.5cm): No recovery. 9.5-15cm (594.5-600cm): Silty clay. Dark
yellowish orange to moderate yellowish brown (10YR6/6 to 10YR5/4). MS Samples TVOR-S
118-119. 15-51.5cm (600-636.5cm): Intermixed, almost vertical and flame-like pale yellowish
brown (10YR6/2) and yellowish gray (5Y8/1) sand stringer in light olive gray clay. Some pale to
dark yellowish orange coloration (10YR8/6 to 10YR6/6). MS Samples TVOR-S 120-126. 51.561.5cm (636.5-646.5cm): Sand stringer. Mostly pale yellowish orange (10YR8/6) and grayish
orange (10YR7/4) blend; pale yellowish brown (10YR6/2) mixed in with brown-black (5YR2/1)
spot at center (56.6cm; ~.5cm diameter). MS Samples TVOR-S 127-128. 61.5-147 cm (646.5732cm): Silty clay. Grayish-orange (10YR7/4) to pale yellowish brown (10YR6/2) turning to
pale yellowish brown with light olive gray (5Y6/1) at 79cm. Dark yellowish brown undertones.
Diffuse, dispersed black mottling and pale to dark yellowish orange (10YR8/6 to 10YR6/6) pick
up at 129cm. No sediment in last 4cm of core (143-147cm). MS Samples TVOR-S 129-144.

Section 6: 0-14.5cm (732-746.5cm): Liner damage. Clay; yellowish gray (5Y8/1) to light olive
gray (5Y6/1). Pale yellowish brown (10YR6/2) in top 4.5cm. Spots of moderate yellowish brown
(10YR5/4) towards base. MS Samples TVOR-S 145-147. 14.5-23cm (746.5-755cm): Matrix as
above, with center taken up by large spot of moderate yellowish brown (10YR5/4) sand. MS
Samples TVOR-S 148-149. 23-53cm (755-785cm): Pale yellowish brown (10YR6/2) with light
olive gray (5Y6/1) undertones and some very faint dark yellowish brown (10YR6/6) coloration.
MS Samples TVOR-S 150-155. 53-71cm (785-803cm): Matrix as above with appearance of
black mottling, darkening of orange at 57cm and appearance of moderate dark reddish brown
(10R4/6 to 10R3/4) mottles. MS Samples TVOR-S 156-159. 71-133cm (803cm-865cm):
Massive clay. Orange becomes rare and faint, red mottles continue. Matrix is pale yellowish
brown (10YR6/2) to light olive gray (5Y6/1). MS Samples TVOR-S 160-171.
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Appendix Figure 2. TVOR SE core images from the multi-sensor core logger. Sections 1 (upper)
– 5 (lower), left to right. Depths given as depth in section (total depth).
Section 1: 0-31cm: No recovery. 31-53cm: Modern soil development; roots.. Pale yellowish
brown (10YR6/2) with rare black mottling and some dark yellowish orange coloration coming in
at 45cm. MS Samples TVOR-SE 1-5. 53-68.5cm: Silty to fine sand clay. Light olive gray
(5Y6/1) to pale yellowish brown (10YR6/2) with less orange and black. MS Samples TVOR-SE
6-8. 68.5-146cm: Matrix as above with heavy dark yellowish orange (10YR6/6) to moderate
reddish brown (10R4/6) spots. Discoloration becomes less common at 137cm. MS Samples
TVOR-SE 9-24.
Section 2: 0-5cm (146-151cm): Detritus. Dark yellowish orange (10YR6/6) seds. MS Samples
TVOR-SE 25-26. 5-108cm (151-254cm): Clay. Uniform light green gray (5GY8/1) to pale
yellowish brown (10YR6/2) matrix with abundant dark yellowish orange (10YR6/6) to moderate
reddish brown (10R4/6) coloration. MS Samples TVOR-SE 27-46. 108-146cm (254-292cm):
Clay, with increasing silt and sand content downsection. Matrix becomes grayish orange pink
(10R8/2) to pale yellowish brown (10YR6/2) with continued mottling in dark yellowish orange
(10YR6/6) and moderate yellowish brown (10YR5/4). Rare black mottles. MS Samples TVORSE 47-54.
Section 3: 0-16.5cm (292-308.5cm): Silty clay. Mix of dark yellowish brown (10YR6/6),
moderate yellowish brown (10YR5/4) and light greenish gray (5GY8/1). MS Samples TVOR-SE
55-58. 16.5-61.5cm (308.5-353.5cm): Sandy clay. Pink-gray (5YR8/1) to yellow-gray (5Y8/1)
with faint brown-black (5YR2/1) staining and areas of moderate yellowish brown (10YR5/4),
some with zones of greenish gray (5GY6/1). MS Samples TVOR-SE 59-67. 61.5-104cm (353.5396cm): .5cm zone of green gray (5G6/1), then sediment carries this tinge on top of colors listed
above and gains common dark yellowish orange (10YR6/6) mottling. More clay-rich than above.
MS Samples TVOR-SE 68-75. 104-146cm (396-438cm): Abrupt change to massive clay, light
greenish gray (5GY8/1) with dark orange mottling as above. Rare dots (~1-3mm) of dark reddish
brown (10R3/4). Rare, tiny, black mottles. MS Samples TVOR-SE 76-84.
Section 4: 0-3cm (438-441cm): No recovery. 3-32cm (441-470cm): Moderate yellowish brown
(10YR5/4) sandy clay with zones fading to dark yellowish orange (10YR6/6). Patches of pale
yellowish brown (10YR6/2) to light olive gray (5Y6/1). MS Samples TVOR-SE 85-90. 32-48cm
(470-486cm): Abrupt change to light greenish gray (5GY8/1) clay. Large near vertical zone of
dark yellowish orange (10YR6/6) to moderate red (5R6/4)/moderate reddish brown (10R4/6).
MS Samples TVOR-SE 91-94. 48-73cm (486-511cm): Wet zone of mixed sand and clay as
above. Moderate-dark reddish brown mottles appear (10R4/6 – 10R3/4) at 60cm. MS Samples
TVOR-SE 95-99. 73-146cm (511-584cm): Return to clay in pale yellowish brown (10YR6/2) to
light greenish gray (5GY8/1). Red mottles as above abundant until 93cm, then rare. Very faint,
rare, dark yellowish orange (10YR6/6) staining. Cluster of black mottles at 120cm. MS Samples
TVOR-SE 100-113.
Section 5: 0-13cm (584-597cm): Light green-gray matrix (5GY8/1) with swirls of moderate –
dark reddish brown (5R4/6 to 10R3/4). Patch of moderate yellowish brown (10YR5/4) with light
olive gray (5Y6/1) at center from 3-5cm. MS Samples TVOR-SE 114-116. 13-17cm (59766

601cm): Moderate yellowish brown (5R4/6) sand with streak of medium light gray (N6). MS
Samples TVOR-SE 117. 17-49.5cm (601-633.5cm): Light greenish gray (5GY8/1) clay with few
swirls in pale red (10R6/2). Rare black mottles. MS Samples TVOR-SE 118-123. 49.5-61.5cm
(633.5cm-645.5cm): Moderate yellowish brown (10YR5/4) sand with small clay inclusion. MS
Samples TVOR-SE 124-126. 61.5-145.5cm (645.5-729.5cm): Nondescript clay, light greenish
gray (5GY8/1) to light gray (N7). Large area of dark yellowish orange (10YR6/6) with little dark
reddish brown (10R3/4) from 79-92cm. Rare 1cm+ orange zones below; rare black mottling. MS
Samples TVOR-SE 127-143.
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